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The growing environmental challenges in urban areas, particularly in Malang City, Indonesia,
require innovative and collaborative approaches to sustainable environmental management.
This study explores the implementation of the Hexahelix collaboration model involving six
key stakeholders, including government, academia, industry, society, media, and financial
institutions, to promote circular economy principles for effective waste management. This
study employed a mixed-methods approach with a sequential explanatory design, combining
in-depth interviews, participatory observation, and document analysis. The results show that
the Hexahelix model can optimize resource utilization, reduce waste, and strengthen
sustainable waste management practices through the distinct roles and contributions of each
actor. The circular economy framework, emphasizing resource recovery, reuse, and recycling,
has demonstrated potential in addressing urban environmental challenges, particularly given
that waste generation in Malang City reaches 778 tons per day. Food waste represents the
largest proportion, accounting for 54.39% of total waste, and can be utilized for organic
fertilizer and renewable energy production, while plastic waste accounts for 13.66% and has
significant economic value. However, challenges such as policy inconsistencies and low public
awareness remain critical barriers. The Hexahelix model provides a collaborative solution for
addressing waste management issues in Malang City by integrating the roles of multiple
stakeholders to reduce continuously increasing waste generation. This research contributes to
knowledge on collaborative governance for environmental sustainability and provides
practical recommendations for policymakers and practitioners to strengthen cross-sector
collaboration toward sustainable green cities.

1. INTRODUCTION

impacting its ability to accommodate waste for an extended
period. The management of solid waste and liquid waste in

Environmental problems in urban areas continue to be a
concern that, until now, have not been resolved properly,
especially in the city of Malang. With the rapid pace of
urbanization and significant population growth, the population
of Malang City has reached 847,182 people in 2023 [1]. This
condition poses a major challenge in environmental
management, especially in terms of waste handling, air
pollution, and inefficient use of natural resources [2, 3].
Economic growth that encourages industrial, trade, and
tourism activities also contributes to an increase in the volume
of waste [4].

One of the main problems faced by Malang City is
inefficient waste management. Based on research conducted
[4], the amount of waste produced by the residents of Malang
City reached 778 tons/day, with only a small part successfully
managed by the 3R method (Reduce, Reuse, Recycle) [5].
Most of the waste is currently still thrown into the Final
Disposal Site (TPA), which is starting to exceed capacity, thus
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Malang City is also not optimal, where household waste,
markets, illegal buildings on the riverbanks and industries
often pollute major rivers such as the Brantas River [6, 7]. This
poses a health risk to residents and threatens the sustainability
of the local ecosystem.

Most of the waste in Malang City has not been managed
optimally and sustainably, resulting in water and soil
pollution, especially at the Supit Urang Landfill, which is a
landfill in Malang City [8]. The concept of the circular
economy emerged as a more sustainable approach,
emphasizing waste reduction and improving resource
efficiency through the reuse and recycling of existing
materials [9]. This approach is expected to be a more effective
solution in facing environmental management challenges in
Malang City, along with the increasing need for strategies that
support long-term environmental sustainability.

The circular economy has great potential to be applied in
urban areas such as Malang City, where the use of natural
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resources and the waste produced can be managed more
efficiently and sustainably [10, 11]. The implementation of a
circular economy is not only relevant in the context of waste
management, but it is also important in optimizing natural
resources, reducing carbon footprints, and supporting green
initiatives in cities [11, 12]. The potential for the
implementation of a circular economy in cities is estimated to
reduce greenhouse gas emissions by up to 35% by 2030 if
implemented systematically [13]. Effective implementation of
the circular economy requires collaboration involving various
stakeholders [14]. The Hexahelix model is relevant as one of
the sustainable environmental management solutions. The
model involves six key sectors of government, academia,
industry, society, the media, and financial institutions working
together to address complex issues, such as environmental
management [15].

Collaborations such as the Hexahelix model can accelerate
the adoption of sustainable practices and green innovation in
big cities [15]. Collaboration between government, industry,
and academia has been successful in promoting the circular
economy through policies that support technological
innovation and better environmental management [16, 17].
Malang City, as one of the fast-growing cities, can benefit
from the implementation of the Hexahelix model collaboration
to create a more environmentally friendly and sustainable city.
Well-managed waste can be one of the benchmarks of
sustainable environmental management [18].

Previous studies have emphasized the importance of multi-
stakeholder collaboration in waste management, for example
through the Penta-helix involving the government, academics,
non-governmental organizations, the community, and the
private sector in Malang City [19, 20]. However, the study is
still limited to a descriptive approach and has not
systematically integrated the principles of the circular
economy and the orientation of sustainability towards Green
City. Not only that, the role of other strategic actors such as
the media and financial institutions that can strengthen
information dissemination, public education, and financing
support has not been explicitly accommodated in the existing
management model. This gap suggests that research is still
needed to develop a Hexahelix model as a more
comprehensive collaborative framework to encourage
sustainable waste management based on a circular economy
that directly supports the realization of Green City in Malang
City.

This research is important because Malang City is currently
facing major challenges in environmental management due to
the rapid increase in population and economic activity.
Through the implementation of the circular economy
supported by collaboration, Hexahelix involves the
government, academia, industry, society, the media, and the
waste management industry so that this research can provide
comprehensive solutions to overcome the problem of waste
and inefficient use of resources [4]. In addition, the circular
economy also has the potential to improve the efficiency of
material use and reduce carbon emissions, thereby supporting
the city's sustainable development goals [21, 22]. This study
aims to analyze the role and constructive collaboration of
actors in the framework of Hexahelix which involves the
government, academia, industry, the community, the media,
and the waste management industry in supporting waste
management based on the circular economy in Malang City.
This research is also directed to identify the obstacles that
emerge in regulatory, institutional, technological, and social
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aspects, which have the potential to hinder the effective
implementation of the circular economy. In addition, this
research also emphasizes the formulation of collaborative
strategies that can strengthen the sustainability of
environmental management and encourage the creation of
Sustainable Environmental Model (SEM) as a conceptual and
practical instrument for policymakers. Thus, the results of the
research are expected to make an empirical and theoretical
contribution in realizing the vision of a Green City in Malang
City [4].

2. METHODOLOGY

This study uses mixed methods with a sequential
explanatory design. A quantitative approach is conducted first
to analyze the existing conditions of waste in Malang City. The
quantitative stage was conducted to measure the rate of waste
generation, the type of waste, and the value of waste in circular
economy practices in the community. The qualitative stage
was conducted to understand in depth how the Hexahelix
model can be used as a methodology in sustainable
environmental management. Researchers used this approach
because it is appropriate to understand phenomena holistically
in a given context, given the complexity and specific nature of
the problem being studied [23]. The case study allowed
researchers to integrate various data sources, including
interviews, observations, and documentation, to get an in-
depth picture of the dynamics of collaboration between actors
involved in waste management in Malang City [24]. As
environmental challenges increase, the application of the
circular economy through collaboration in the Hexahelix
model is becoming relevant in achieving sustainable
development goals. This qualitative approach is used to
explore perceptions, challenges, and potential improvements
from a multi-actor perspective, especially in a circular
economy framework that emphasizes resource efficiency and
waste reduction [22].

Maps of TPS and TPS3R locations in Malang City
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Figure 1. Research location
2.1 Location and subject of research

This research was conducted in Malang City (Figure 1).
This is due to environmental problems, especially waste
management in Malang City, which is still not optimal. Waste
in Malang City is still processed with the old paradigm (take,
transport, dispose of). The research subjects included six
stakeholders in the Hexahelix model: governments
(Environmental Agencies), academics (universities), industry



(waste management companies), communities (environmental
care groups), local media, and financial institutions involved
in environmental projects (waste banks, waste collectors).

2.2 Data collection

The data in this study were collected through three main
methods: in-depth interviews, participatory observations, and
documentation analysis. In-depth interviews were conducted
with key informants from the various sectors involved in the
Hexahelix model, including government officials, academics,
industry players, community members, media, and
representatives of financial institutions. These interviews
aimed to explore the perceptions, challenges, and roles of each
actor in the implementation of the circular economy for waste
management in Malang City [4]. Furthermore, participatory
observations were conducted at the locations of circular
economy-based  environmental = management projects
involving  cross-sector collaboration. Through these
observations, researchers can observe the interaction between
actors as well as the real impact of the collaboration that
occurs.

Documentation from field studies, government reports,
environmental policies, articles, and local media news is
analyzed to provide additional context and serve as supporting
secondary data. This documentation includes information
about the existing condition of waste in Malang City and the
steps that have been taken by the government and the private
sector in dealing with these environmental problems. The use
of these various methods ensures that the data obtained is not
only varied but also valid, allowing triangulation to improve
the accuracy of the findings.

2.3 Data analysis

The data analysis conducted in this study is based on an
interactive model developed by Miles and Huberman
involving three main components that take place iteratively:
data reduction, data presentation, and conclusion/verification.
Data reduction is the stage where the data collected is
simplified and filtered to focus on the aspects that are most

relevant to the research question. This process occurs
throughout the study, starting from the beginning of data
collection and continuing dynamically. This stage is followed
by data presentation, which aims to display the data that has
been reduced in an organized format, such as a table, graph, or
descriptive narrative. This presentation makes it easier for
researchers to identify important patterns that emerge from the
data and prepare for the next step, namely drawing conclusions
[25].

At the conclusion-drawing stage, the researcher interprets
the results of the data analysis to answer the research question.
Initial conclusions should be verified and validated through a
triangulation process, which involves comparing data from
various sources or methods to increase confidence in the
findings. This verification is important to ensure that the
conclusions drawn truly reflect the phenomenon being studied
[26]. This interactive analysis has proven to be particularly
relevant in the context of qualitative research that requires
flexibility, especially in understanding complex and dynamic
phenomena [6].

3. RESULT AND DISCUSSION
3.1 Waste condition in Malang City

Malang City is the second largest city in East Java after the
city of Surabaya (Figure 2). Population growth and increasing
urbanization have resulted in the city of Malang becoming a
destination for economic activities. The population and high
rate of urbanization are directly proportional to the increase in
waste generation. Waste in Malang City is also in second
position, with a total of 778 tons/day, equivalent to 284095
tons/day. This condition may directly affect the community
because waste with a high capacity will have an impact on
environmental conditions, be it air, soil, or water [27]. So, it
needs to be overcome with comprehensive measures from
various sectors or elements of society so that high waste
generation can be managed properly and can generate
additional economic value.

Generation of Waste Tons/day in East Java

M Kediri City M Blitar City M Malang City

1800.05000

Probolinggo City M Pasurvan City M Mojokerto City M Madiun City WM Surabaya City B Bafu City

173.87000 147.48000

142.64000 122.6000
98.31000 76.68000

Figure 2. Waste generation of cities in East Java
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Malang City faces the problem of increasing waste
generation, in line with the rate of urbanization and population
growth, which in 2023 will reach 847,182 people [1]. Every
day, Malang City produces 778 tons of waste, with the main
composition of organic waste from food waste as well as
inorganic waste such as plastic and paper [28]. The traditional
waste management system that relies on the linear method of
"take, carry, dispose of'" causes waste to accumulate in various
places, including at the Supit Urang TPA, whose capacity is
almost reaching the maximum limit. As a result of suboptimal
management, environmental pollution such as soil and water
has become an increasingly urgent issue. In addition, plastic
waste that is difficult to decompose often pollutes waterways
and worsens the condition of rivers in Malang City. Although
several 3R (Reduce, Reuse, Recycle) initiatives have been
implemented by local communities, stronger collaboration is
still needed between governments, industry, academia, and
communities to realize sustainable waste management with a
circular economic approach.

Glass(%). 1.78

COMPOSITION OF WASTE

Other(%), 10.39

Rubber- Leather
(%), 0.21

Fabric(%), 0.52

Metal(%), 0.98

Food Waste (%),
54.39

Wood Twigs
(%), 13.60

Figure 3. Percentage of waste in Malang City

Figure 3 shows that the composition of waste in Malang
City is dominated by food waste at 54.39%, followed by
plastic 13.66%, wood and twigs 13.60%, other waste 10.39%,
paper/cardboard 4.47%, glass 1.78%, metal 0.98%, and
rubber/leather 0.21%. The dominance of organic waste
indicates the importance of a management strategy based on
composting, bioconversion, or the use of renewable energy,
while the high proportion of plastics demands the application
of the principle of 3R [29]. To answer this question, the
Hexahelix can be a collaborative solution: the government
plays a role in setting regulations to reduce single-use plastics
and supporting organic processing infrastructure; academics
develop innovations in composting and recycling technology;
the business sector creates a value chain of recycled products;
the community becomes the motor for residents' participation
in sorting waste from its source; the media disseminates public
education related to waste management; and the waste
management industry becomes a reservoir while providing an
economic impact on waste management. This collaboration
enables more integrated waste management, reducing the
burden on landfills, while strengthening the transition to SEM
in creating Green City in Malang City.

3.2 Economic value in waste management in Malang City

Waste is not only an environmental problem in Malang
City, but also a resource of economic value if further
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management is carried out [11]. TPS3R BASAMA
Bandungrejosari, Sukun District, is a pioneer in waste
management innovation that not only focuses on the 3R
concept (Reduce, Reuse, Recycle) but also initiates waste with
economic value. In addition to being a TPS3R, there is also a
waste bank that is used to reduce plastic waste that has
economic value so as to reduce the environmental impact
caused by waste [22, 30]. Through this program, it will directly
impact on the conditions of Malang City, which is cooler,
cleaner, and more useful. This program helps raise public
awareness of environmental issues. Waste management by
directly obtaining economic value greatly helps the
community in taking an active role in efforts to preserve a
sustainable environment [31]. The following is a table of the
economic value of waste at TPS 3R BASAMA
Bandungrejosari, Malang City. The waste value at TPS 3R
BASAMA Bandungrejosari, Malang City, can be seen in
Table 1.

Table 1. Waste value at TPS BASAMA Bandungrejosari,

Malang City
Category Kind Price

Paper Box IDR 1,500/kg
Newspaper IDR 4,500/kg
HVS IDR 2,200/kg
Opaque IDR 1,200/kg

Duplek IDR 600/kg
Plastic Clear PET IDR 4,700/kg
Light blue PET IDR 3,700/kg
PET color IDR 1,700/kg
Bottled water bottle caps IDR 3,000/kg
Gallon caps IDR 4,000/kg
Whole gallons IDR 3,500/kg
Black tub IDR 1,000/kg
Mixing tub IDR 2,000/kg
Clean glass IDR 4,000/kg
Screen printing glass IDR 1,800/kg
Clear Plastic IDR 1,000/kg

Crackle IDR 400/kg

Bag of metalize IDR 100/kg

Mixed sheet IDR 100/kg
Sack IDR 1,500/kg

Based on the results of the identification of the economic
value of inorganic waste consisting of paper and plastic
categories, there is significant potential in supporting the
implementation of the circular economy in Malang City. Data
shows that the selling price of paper waste varies between IDR
600/kg for duplek to IDR 4,500/kg for newspapers, while the
plastic category has a relatively higher economic value, for
example, clear PET reaches IDR 4,700/kg, gallon caps IDR
4,000/kg, and clear glass IDR 4,000/kg. This price variation
indicates that certain types of waste have greater appeal to
recyclers, so they can be a priority in management strategies.
With the composition of Malang City's waste dominated by
food waste (54.39%) and followed by plastic (13.66%) and
paper (4.47%), plastic and paper processing has the potential
to make a significant direct economic contribution if managed
systematically [32, 33]. Within the framework of the
Hexahelix model, the involvement of government actors
through basic price regulations, the recycling business sector
in supply chain optimization, academics in the preparation of
technological innovations, communities in  sorting
participation, media in public education, and the waste
management industry as collectors of waste sorted by the



community can strengthen the circular economy-based waste
management ecosystem. This cross-sector constructive
collaboration is not only able to increase the added value of
inorganic waste but also provides concrete solutions to the
challenges of Green City by reducing waste generation while
creating new sustainable economic opportunities.

3.3 The role of each actor in Hexahelix in waste
management in Malang City

The results of this study show that each actor in the
Hexahelix has a different role. Each actor is interrelated with
the others. The government plays a role in policy regulation
and the provision of infrastructure, while industry provides
support in the form of financial corporate social responsibility
(CSR) and also makes efforts to reduce waste from its
production, while academics provide innovation and
technology to support sustainable practices [4]. Table 2
explains the role of each actor in sustainable environmental
management efforts through waste management.

3.4 The role of actors in the Hexahelix collaboration
The results of the study show that each actor in the

Hexahelix model has a significant role in environmental
management based on a circular economy. The government

plays a significant role through regulations and policies that
encourage the application of circular economy principles in
waste management. For example, policies related to the
reduction of single-use plastic waste and the implementation
of waste management rules at the community level have
provided a strong legal basis for changes in consumption and
production patterns (Figure 4) [34]. On the other hand, the
industry contributes through technological innovation in
processing waste into products of economic value, such as
organic fertilizers and recycled materials. The role of
academics, who focus on the research and development of
environmentally friendly technologies, is an important
complement in creating synergies between actors, especially
in providing data-driven solutions to improve waste
management efficiency [30, 35].

Figure 4. Results of organic and plastic waste management

Table 2. Role of actors in Hexahelix

. tributi .
Actor Main Role Contribution to Waste Implementation Examples
Management
-Make waste management
regulations and circular econom .
reguiat u Y -Local regulations on waste
. incentives. .
Regulators, policymakers, and . separation.
Government o -Ensure  supervision and law
facilitators. -Integrated waste management
enforcement. facilities
-Provide waste treatment ’
infrastructure.
-Developing recycling and waste
. . treatment technology. -Study of plastic recycling technolo
Researcher and innovator in waste . 08y . . Y Of plastt yelng gy
. -Conducting evidence-based policy innovations.
Academics management technology and . -
studies. -Waste management training program
strategy. s . . .
-Providing training and education for the community.
related to waste management.
-Sorting waste at the source.
. S . -Participating in waste management -Establishment of local waste banks.
Community The main driver in implementation at .
.. programs such as waste banks. -Community movement to not use
organizations the local level.

-Encouraging collective awareness
for sustainable waste management.

-Using environmentally friendly

Provider of resources, technology, I-I]ljaéii:llaol Sill? productl(r):(; cline-based

Private or business and business models based on the veloping yelng
. businesses.
circular economy. ; .

-Encouraging  corporate  social
responsibility (CSR).
-Public campaigns related to waste
management.

Medium time

Financial
institutions

Disseminator of information, public
education, and promote change in
people's behavior.

Financing providers and supporting
environment-based investments.

-Educating the public about the
benefits of the circular economy.
-Providing transparency related to
government policies.

-Provide green credit for recycling
businesses.

-Provide incentives for companies
that use environmentally friendly
technology.

-Increase green investment.

single-use plastics.

-Community-based waste bank by the
company.

-Waste recycling  business
products with selling value.

into

-"Reduce, Reuse, Recycle" campaign
through advertising.
-Special ~ coverage  on
management innovations.

waste

-Providing credit for recycling-based
startups.

-Investment in  organic
management infrastructure.

waste
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The community has a crucial role in supporting the
implementation of the circular economy program through
active participation in 4R (Reduce, Reuse, Recycle, Replace)
based waste management. Public awareness and education are
essential elements in the success of the Hexahelix model. The
study found that communities that have run waste banks or
local-scale recycling programs show significant results in
reducing household waste generation [22]. The media also
play a role as a driver of social change by publicizing the
success of environmental management initiatives and
providing educational information to the public. Meanwhile,
financial institutions support environmentally friendly
projects through funding and provide incentives to businesses
that implement sustainable practices [36].

The study also identified challenges that need to be
addressed, such as cross-sectoral policy inconsistencies and
low levels of public awareness in some groups. These
obstacles show the need to strengthen collaboration between
Hexahelix actors, especially in building effective
communication and aligning visions in the implementation of
the circular economy. By overcoming these challenges,
Malang City has a significant opportunity to become an
example of a sustainable city in Indonesia. The research not
only emphasizes the importance of cross-sectoral
collaboration but also provides concrete recommendations for
policy development, such as incentives for green industries
and intensive public education campaigns, to accelerate the
transition to a circular economy [37, 38].

3.5 Challenges in implementation

Although wvarious collaborative initiatives have been
conducted in the management of circular economy-based
environments in Malang City, structural barriers are still the
main obstacles. One of the biggest challenges is the regulatory
inconsistency between the central and local government
levels, which often creates confusion in policy
implementation. Out-of-sync regulations, especially related to
waste management and incentives for circular economy actors,
result in slow adoption of sustainable practices by the
industrial sector and society [37]. In addition, the lack of legal
instruments that encourage cross-sectoral collaboration further
limits the effectiveness of the Hexahelix model as a
collaborative approach in environmental management.

The lack of coordination between actors is also a significant
challenge in optimizing the role of each party. The study found
that communication between government, the private sector,
and communities often fails to be effective, resulting in
duplication of programs or initiatives that do not support each
other. Academics and the media, which are supposed to be the
liaison and provider of strategic information, are often not
optimally involved in the decision-making process. This
creates a gap between policy plans and implementation on the
ground, which has an impact on low community participation
in circular economy-based environmental management
programs [22, 31].

In addition, limited human and financial resources further
complicate efforts to achieve sustainability. The lack of a
competent workforce in the field of circular economy and
environmental management is a challenge for the government
and industrial sectors to implement new innovations. On the
other hand, inadequate funding, both from the government and
financial institutions, limits the development of supporting
technologies and infrastructure such as recycling facilities or
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organic waste treatment. These barriers emphasize the need for
an integrated strategy that not only improves regulation, but
also encourages better coordination between actors and
improves resource allocation to support the transition to a
sustainable circular economy [39].

An actionable solution to address these challenges is
through the application of the Hexahelix model that
emphasizes multi-actor constructive collaboration. First, the
government needs to strengthen regulations and provide fiscal
incentives to encourage recycling and the use of organic waste
for compost or renewable energy [36]. Second, academics are
expected to develop innovative processing technologies that
are efficient and applicable, such as household biogas from
food waste and high-value plastic recycling methods. Third,
the business sector can integrate an extended producer
responsibility (EPR) system and expand the market for
recycled products. Fourth, the community must be empowered
through education and direct economic incentives, such as
waste banks that utilize the selling price of PET plastic (IDR
4,700/kg) and newsprint (IDR 4,500/kg). Fifth, the media has
a role in building public awareness through sustainable
campaigns. Finally, financial institutions can provide green
financing schemes for waste processing micro, small, and
medium-sized enterprises (MSMEs). Challenges in waste
management can not only be overcome, but also converted
into opportunities for sustainable green economic
development [40]. The integration between policies,
innovation, participation, and investment makes waste
management based on the circular economy not just a
discourse, but a practical solution in supporting the
transformation of Malang into a Green City.

3.6 Opportunities for collaborative development

A significant opportunity to increase collaboration in
circular economy-based environmental management can be
leveraged through public education programs that focus on
increasing public awareness. Comprehensive education on the
benefits of the circular economy, such as waste reduction and
resource efficiency, can encourage active community
participation in 3R (Reduce, Reuse, Recycle) recycling and
waste management programs (Figure 5). In addition, the
dissemination of information through mass media and digital
platforms can expand the reach of public education, thereby
creating a collective mindset that supports sustainability [41].
By increasing public understanding, constructive
collaboration between the community, government, and
business sector in the Hexahelix model can be realized more
effectively.

Figure 5. Circular economy through waste management



In addition to education, providing incentives to industries
that are committed to circular economy practices is an
important strategy to accelerate cross-sector collaboration.
Fiscal incentives such as tax reductions or grants for green
innovation can encourage industries to develop recycling
technologies or utilize waste as raw materials [42]. On the
other hand, the increased use of green technologies, such as
renewable energy-based organic waste treatment systems, can
provide practical solutions to complex waste management
challenges. This technology not only supports resource
efficiency but also creates new sustainable business
opportunities [13]. With a combination of public education,
incentives for industry, and technological innovation, Malang
City has great potential to become a pioneer in the
implementation of the circular economy in Indonesia.

4. CONCLUSION

The SEM in waste management based on the circular
economy offers significant opportunities for Malang City to
realize sustainable development through constructive
collaboration between the government, academia, industry,
community, the media, and the waste management industry.
This approach allows for resource optimization, waste
reduction, and sustainable innovation that can more effectively
address urban environmental challenges. To ensure maximum
implementation, it is necessary to improve cross-sector
coordination to align the vision and responsibilities of each
actor. More integrated regulatory reforms and the provision of
incentives that support the circular economy are essential
elements in encouraging the commitment of each party. With
stronger support from all stakeholders, Malang City has the
potential to become a Green City model that is not only
relevant at the national level but also globally.
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